The capacity to acidify the urine after acute administration of ammonium chloride was shown by Edelmann and coworkers [4, 51 to be of the same order in infants 1-16 months of age and in older children. The infants had a higher excretion rate of titratable acid and a lower excretion rate of ammonium, but both age groups were similar in their excretion rate of total hydrogen ion. Furthermore, it was suggested that the so-called "physiologic
The infants were studied twice in the postneonatal period, i.e., at 1-3 weeks and at 4-6 weeks of age, with ammonium chloride loading test and bicarbonate titration test.
Sex, gestational age, birth weight, and age at study as well as type of feeding are presented in Table I . The composition of the three different formulas, A, B, and C, is shown in Table 11 . From day 6 after delivery and onwards either formula A, B, or C was given.
acidosis" of the infant is caused by a low renal threshold Study Procedure level of bicarbonate in plasma, rather than by a limited capacity of the kidney to excrete hydrogen ions as had previously been proposed by other investigators [I] . However, adequate data are not available to permit a definite statement about the significance of the renal function in this respect during the early postneonatal period of life, i.e., between 1 and 4 weeks of age. The present investigation was therefore designed ( I ) to study the renal hydrogen ion excretion after an acute ammonium chloride load as well as the renal response to bicarbonate titration at 1-3 weeks and 4-6 weeks of life in the same infants, and (2) to evaluate these renal functions in relation to the occurrence of so-called late metabolic acidosis.
Material and Methods

Selection of Infants
Twenty-four infants were selected randomly from a total population of 516 neonates being studied with regard to the incidence of metabolic acidosis in the 2nd and 3rd weeks of life [33] . Infants with an abnormal perinatal period, e.g., perinatal asphyxia or respiratory distress syndrome, were not included in the investigation. Two infants with urinary tract infection proven by bacteriuria in suprapubic aspiration urine were also excluded.
The 24 infants were divided in two groups with regard to degree of maturity.
Group I. This group was comprised of 6 term and appropriate for gestational age ( A G A ) infants with normal acid-base balance in the neonatal and postneonatal period.
Group 11. This group was comprised of 18 preterm and 'AGA infants divided into two subgroups comprising 10 preterm A G A infants with normal acid-base values in the blood before the loading studies (group IIa) and 8 preterm A G A infants with preloading blood acid-base values which indicated a condition of so-called late metabolic acidosis (group IZb) .
Collection of Urine.
The studies started uniformly between 7 and 8 AM. The baby was placed in a specially designed hammock-shaped metabolic bed, which also could be set up within an incubator. By securing the baby with semiflexion of the legs in this metabolic bed during the whole study procedure, it was possible to collect urine samples without interruption. During the study the baby was fed through an indwelling gavage tube with 0.5-hr intervals in an amount of 150 ml/kg body wt per 24 hr, equivalent to 6 ml/hr/kg body wt or 60 ml/hr/ m2 body surface. Thereby, an adequate and suitably constant rate of urine flow was obtained. The urine was collected through a no. 75 17 24-hr Newborn U-Bag [40] directly into a bottle on ice in a Thermos flask with immediate freezing of the urine during collection. During the study procedure constant watch over the baby was kept by a nurse thereby obtaining exact timing of the spontaneously voided urine specimens. These could be collected generally at 30-90-min intervals. Control bacteriologic cultures were performed in every case in order to exclude urinary tract infection that might influence the renal acidification [2] . From 7 to 9 AM, two control urine specimens were collected, and at 8 AM an arterialized capillary blood sample for analysis of the preloading acid-base status was obtained as described in a previous report [33] .
Ammonium chloride load. At 9 AM ammonium chloride was administered as a 10 % solution (1.9 mEq/ml) via a stomach feeding tube [41] in 1-2-ml portions over the course of 0.5-1 hr. By this mode of administration the ammonium chloride was tolerated well by most babies. Only four babies vomited after the first portion, but after giving back the same amount more slowly, the total dose could be given without further discomfort for the baby.
The dosage of ammonium chloride was 100 mEq/m2 body surface, which in all infants was sufficient to decrease the level of bicarbonate in plasma from the preloading value of bicarbonate in plasma to values well below the renal bicarbonate threshold level of infants as Each infant is identified by the case number (e.g., ltIA25) for which the first figure = number of sequence in present investigation; the following letter = t for term, p for preterm, and ma for metabolic acidosis; the roman figure = group number; the capital letter = type of formula; the last figure = order in initial investigation [33] . ¶First titration study (1st) performed at 1-3 weeks of age and second titration study (2nd) performed a t 4-6 weeks of age. 3 See Table 11 .
reported by Edelmann et al. [5] , i.e., to around 20.5-21.5 mEq/liter.
After the ammonium chloride load, three to five urine samples were collected with approximately 30-60 min between samples. The effect of the ammonium chloride load was judged by measurement of p H of urine (values below 6.0) and by determination of blood acid-base status 1 and 3 hr after the loading.
Bicarbonate titration. Four hours after the ammonium chloride administration, a continuous infusion of sodium bicarbonate was initiated through a scalp vein. The sodium bicarbonate was infused at a rate calculated to deliver an amount of base sufficient to increase the plasma bicarbonate by 2 mEq/liter/hr. The infusion rate was kept constant between 0.05 and 0.15 ml/min, i.e., never exceeding 0.5 ml/min/m2 body surface, thereby minimizing the risk of extracellular volume expansion by parenteral fluid overload. The constant infusion was performed with a RL 175 Holter Laboratory model bilateral roller infusion pump.
The bicarbonate titration study was continued until the renal bicarbonate threshold had been exceeded as judged by pH of the urine (values above 7.2). Urine and corresponding arterialized capillary blood samples for immediate acid-base measurements were collected every 30-60 min during the bicarbonate titration study.
Glomerular jiltration rate. This was determined with a polyfructosan (Cpy,) clearance test at the end of the bicarbonate titration study. Polyfructosan, 25 % [42], 0.5 ml/kg body wt was administered intravenously as a rapid injection dose, and during the following 180 min capillary blood samples of 120 each were taken, initially with a 5-min interval and later with a 10-15-min interval [32] . This method for GFR measurement was chosen mainly because standard inulin clearance with urine bladder catheterization was not possible in repeated studies of healthy infants.
Laboratory Analyses
Blood acid-base measurements were performed with an Eschweiler p H and blood gas analyzer [43] , as described in an earlier publication (35) . Urine pH measurements and urine titrations were carried out with a Radiometer pH-meter 28 with microelectrode chain and titration equipment type SBR-2c/ABU/TTTIl [44] . Through the use of this equipment with an autoburette, a rapid and accurate titrimetric measurement of urine bicarbonate, titratable acid (TA), and net hydrogen ion excretion was performed with a modification of the method of Jorgensen [3, 10, 13, 171 . Duplicate titrations were done for each sample of 1-2 ml urine. The principle for the titrimetric measurements is as follows; after determination of the initial pH of urine, a 1-ml sample of the urine is pipetted into a Radiometer titration vial and 1 rnl 0.1 N HC1. The acid will combine with any bicarbonate in urine present in the sample and by boiling procedure any carbon dioxide thus formed will be expelled. The urine is back-titrated with NaOH to the initial pH, whereby the amount of bicarbonate in urine can be calculated. Any urine bicarbonate which has escaped reabsorption from the final urine is thus equivalent to a certain net base loss from the body, i.e., H C 0 3 NBE. Thereafter, the back-titration is carried out to a pH of 7.4, whereby only the value of titratable acid minus bicarbonate is determined, i.e., H:~ [45] . After the addition of 1 m18 % formaldehyde solution, which causes a fall of pH, and without resetting the titrator, the urine was back-titrated to the endpoint 7.40. A blank, containing 1 ml distilled water and 1 ml 0.1 N HC1, was treated in the same way. The difference in the volume of NaOH required for titration of urine sample and blank is equivalent to HfNAE. Urinary ammonium was in the beginning of this investigation determined by the colorimetric phenate-hypochlorite method of Fawcett and Scott [7] . However, as the results obtained did not differ from the value of ammonium in urine obtained by calculation after titration of the urine, it was preferred to determine ammonium in urine as follows. When ~2~~, H:~, and any occurring HCOB NBE had been titrametrically determined, it was possible to calculate the ammonium (HzH4+) excretion according to the formula of Gamble et al. [9] : (HZ,)
(HCOB NBE). Urine specimens were not collected under oil, inasmuch as the diffusibility between urine and oil is almost unrestricted. As described previously, the urine was collected directly into a flask immersed in ice and thereafter stored frozen at -20" until further laboratory analyses were performed [3] .
Polyfructosan concentration was measured as inulin according to the method of Heyrowsky [12] with a modification for capillary blood necessitating only 50 ~1 plasma for each analysis. The GFRpfr was calculated according to the formula of Sapirstein et al. [30] : GFRpf,
where P = dose of polyfructosan in milligrams, gl = slope of initial steep line, g2 = slope of late shallow line, A = intercept on ordinate of steep line, and B = intercept on ordinate of shallow line (for further details see References 30 and 32).
The excretion rates of H; , , HZA, H &~~+ , and of HCO; NBE in urine were calculated per 1.73 m2 body surface and per 100 ml GFR, respectively.
Sodium and potassium were determined with an Eppendorf flame photometer, and chloride titrametrically with the molybdate-stannous chloride method. Urea nitrogen was measured with the phenolhypochlorite reaction after urease treatment, and amino acid excretion in urine with two-dimensional chromatography system [22] .
Statistical methods. Statistical comparisons were performed by means of Student t test for paired data and Fishers test for grouped data.
Calculations
Two representative cases are presented to demonstrate the manner of calculations.
In Table I11 are presented individual data from a representative study. The subject, a preterm girl infant in the postneonatal period, was fed a low protein, low solute formula (type A, see Table 11 ). Initially acidification is accomplished by NH4C1 administration, which lowered bicarbonate in plasma from 20.1 to 12.4 mEq/ liter and base excess from -2.0 to -13.8 mEq/liter.
By bicarbonate titration these variables are decreased to levels above preloading value, i.e., to 26.4 mEq/liter and f 3 . 0 mEq/liter, respectively. HfN, changes from positive to negative values between plasma bicarbonate concentrations of 22.1 mEq/liter and 23.9 mEq/liter at 17 days of age and between 23.0 mEq/liter and 24.5 mEq/ liter at 28 days of age. Simultaneously, bicarbonate is + appearing in the urine, while ~z~ and HNH4+ diminish still further. Altogether this indicates that net acid excretion is replaced by net base excretion with increasing plasma bicarbonate levels. Figure 1 presents these data graphically. By connecting the single values of each variable for urine ( H ;~~, H :~ + N H~+ , and HCO-NBE) at different plasma bicarbonate levels, titration curves are constructed. The HCOS-excretion curves represent so-called bicarbonate titration curves [5, 231 . The H :~ + N E~+ excretion curves have been calculated as the algebraic sum of the curves for Hi, and HC0; NBE, respectively [23] .
At the crossing point between the titration curves for HzA of age to be 23.6 and 25.6 mEq/liters, respectively. The renal bicarbonate threshold is defined arbitrarily in the literature as the level of bicarbonate in plasma at which the bicarbonate excretion in urine is 20 pEq/100 ml GFR [4, 281. In the present investigation, this value is derived at by calculating the bicarbonate excretion in urine (HCOB NBE) at the actual GFR of each infant, equalizing 20 pEq/100 ml GFR, and plotting this value on the HCO; NBE titration curve. Table IV and Figure 2 show data from similar studies of a preterm infant who developed a metabolic acidosis in the postneonatal period. This baby was fed a high protein formula (type C, see Table 11 ). The first study with acid loading and bicarbonate titration was performed at 16 The Hf concentration (pH) in urine in relation to plasma bicarbonate in these two patients is shown in Figure 3 .
There is a marked shift to the left of the curve in the baby with metabolic acidosis at the age of 16 days in comparison with the curves representing the same baby at 35 days, and the baby without metabolic acidosis at 17 and 28 days of age. This shift to the left is compatible with the higher excretion of bicarbonate in the urine 
Results
Investigations similar to those presented above were performed in all 24 babies in the present series at the age of 1-3 weeks (1st study) and 4-6 weeks (2nd study). I t should be noted that control determinations of sodium, potassium, chloride, and urea nitrogen in blood as well as qualitative amino acid determinations in urine all fell within the normal range for infants of this age; i.e., no specific electrolyte or amino acid disturbances were observed in any of the three groups of infants studied. Table V shows GFR, EER of acid and base in urine, as well as the bicarbonate values in plasma at EER and at renal bicarbonate threshold. generally somewhat lower than in term babies [32] .
(@--a) and4-5weeks ( @ ---a ) ofage. 1 Individual data, mean values, SEM, and significance of difference comparing term and preterm infants (P I-IIa) and preterm infants without and with acidosis at 1-3 weeks of age ( P IIa-IIb). For definitions of abbreviations, see Table 111 .
2 EER : equivalent excretion rates of HA N H~+ + and HCOTNBE in urine.
Renal bicarbonate threshold is the level of bicarbonate in plasma at which HCOYNBE in urine is 20 ,.~Eq/100 ml GFR.
Equivalent Excretion Rates of Acid and Base
The values for EER of urine H : * + N H~+ and HCOBNBE are presented in both microequivalents per minute per 1.73 m2 and microequivalents per 100 ml GFR (Table V) . In term and preterm infants without metabolic acidosis, these values range between 3.2 and 5.3 pEq/min/1.73 m2 (9.7-17.3 pEq/100 ml GFR) at 1-3 weeks of age, whereas in preterm babies with metabolic acidosis at this age, the EER values range from 6.2-9.2 pEq/min/l .73 m2 (20.3-28.3 pEq/100 ml GFR). The EER values are equal in term and nonacidotic preterm infants, but significantly higher in acidotic than in nonacidotic preterm and term infants (P < 0.001). However, at 4-6 weeks of age, no such difference is observed. These results are also seen in Figure 4 , which is a graphic representation of the EER values in the three groups of infants showing the higher EER values in acidotic preterm infants (group IIb) at 1-3 weeks of age. The decrease in EER expressed as microequivalents per 100 ml GFR with increasing age as shown in Figure 4 and Table V (e.g., in group I, mean EER was 11.8 pEq/100 ml GFR at 1-3 weeks and 7.5 pEq/100 ml GFR at 4-6 weeks) occurs parallel to the rise in GFR with increasing age.
Leuel of Bicarbonate in Plasma at Equiualent Excretion Rates of Acid and Base and Renal Threshold
The plasma bicarbonate levels at EER are lower in acidotic preterm infants (group Zlb) at 1-3 weeks (mean 18.7 mEq/liter) than in nonacidotic preterm infants (groub IId of the same age (mean 2 1.4 mEq/liter, P < 0.001, Table V ). An equally diminished renal bicarbonate threshold level (mean 18.1 mEq/liter) is also found in acidotic preterm babies at this age. However, at 4-6 weeks of age, no difference is found between acidotic and nonacidotic infants.
In addition, it should be noted that, whereas in nonacidotic infants (group ZZa) at 1-3 weeks of age, the levels of bicarbonate in plasma at EER of acid and base are lower (mean 21.4 mEq/liter) than at the renal bicarbonate threshold (mean 21.8 mEq/liter), a reverse relation (mean 18.7 mEq/liter and 18.1 mEq/liter, respectively) is found in the acidotic infants (group IZb). At 4-6 weeks, this relation has returned to normal in the former acidotic infants.
H+ Excretion i n Urine
All 24 infants of the present investigation are considered in Table VI with regard to the maximum renal H+ excretion during induced acidosis, at 1-3 weeks and in Table VII at 4-6 weeks of age. As shown in Table VI, the renal H+ excretion is lower in preterm infants without or with acidosis with mean maximum H; , , of 54.2 and 42.6 pEq/min/1.73 m2, respectively, as compared with term infants with mean maximum ~z~~ of 88.3 pEq/min/l .73 m2 ( P < 0.001). This is also borne out by the facts that the lowest pH of urine was in term babies, mean pH 4.97; in preterm babies without acidosis, mean pH 5.96; and with acidosis, mean pH 6.09.
The renal Hf excretion as TA and NH4+, respectively, is generally somewhat higher in term than in preterm babies aged 1-3 weeks (Table VI) . Thus, H &~+ is significantly lower in preterm babies than in term babies (P < 0.001), whereas H : , is only slightly lower in preterm babies with metabolic acidosis ( P < 0.01), but not in preterm babies without acidosis in comparison with values found in term babies.
In Table VII capacity is found in both groups of preterm babies at this age; the H+ excretion is now almost equal in preterm and term infants.
Discussion
General Aspects
The renal regulation of acid-base equilibrium should be evaluated with regard to (I) reabsorption of filtered bicarbonate, (2) excretion of hydrogen ions as TA, i.e., hydrogen ions bound to urinary buffers, primarily H 2 P 0 4 , and as ammonium ion (NHb+), i.e., hydrogen ion bound to ammonia in the urine.
For evaluation of the reabsorption of bicarbonate and the excretion of hydrogen ions, which are not buffered by bicarbonate in the urine, simultaneous acid (H$A~ and H :
, + +NH4+) and base (HCOF N~E ) titration curves have been constructed. In order to determine the EER of acid and base, it is necessary to construct such curves, as it is impossible to predict the time period during which EER of acid and base occur. The level of bicarbonate in plasma at EER of acid and base in urine is an expression of the renal capacity to maintain the acid-base equilibrium in the body fluids. At a bicarbonate value in plasma above this level, the urine excretion of base is higher than that of acid; on the other hand, at a bicarbonate value in plasma below this level, more acid than base is excreted (Figs. 1 and 2) . In a study on six infants aged 1.5-12 months, Edelmann et al. [5] found that the renal bicarbonate threshold level, arbitrarily defined as the bicarbonate concentration in plasma at which the bicarbonate excretion is 20 pEq/100 ml GFR, ranged between 21.5 and 22.5 mmol/ liter (20.5-2 1.5 mEq/liter). In premature infants aged 8-37 days, Tudvad et al. [36] found renal thresholds for bicarbonate from 22 to 24 mmol/liter. Pitts et al. [25] established the renal bicarbonate threshold level in adults as between 24 and 26 mmol/liter.
The mean values for the threshold levels of bicarbonate in the nonacidotic infants (group I and IIa) of the present investigation varied from 21.1 to 23.5 mEq/ liter, and are thus almost identical with those found by other investigators. However, the infants in a state of metabolic acidosis (group IIb) exhibited at the first study (1-3 weeks of age) significantly lower renal bicarbonate threshold in average 18.1 mEq/liter. At 4-6 weeks, the threshold was equal to that of nonacidotic infants (Table V) .
The present investigation shows that in nonacidotic infants (groups I and IIa) the bicarbonate concentration in plasma at EER of acid and base is equal to or lower than that at the renal bicarbonate threshold ( Fig. 1 and Table 111 ). Contrary to this, infants with metabolic acidosis (group IIb) have somewhat higher values of bicarbonate in plasma at EER of acid and base than that at renal bicarbonate threshold level ( Fig. 2 and Table V) . Furthermore, as shown in Figure 4 , the acidotic ininfants (group IIb) exhibited significantly higher values of EER of + NH(+ and HCO, N~E than infants without metabolic acidosis (group I and IIa).
Renal titration studies as here described do not seem to have been performed previously in infants. However, Oetliker et al. [23] have published a study comprising 18 children aged 1.5-14 years with varying renal diseases studied in a similar way. They observed that children with normal reabsorption and excretion of bicarbonate as well as with normal GFR had low values of EER of acid and base (on average, 20 pmol/lOO ml GFR), seen at bicarbonate concentrations in plasma equal to or slightly lower than the bicarbonate level in plasma at the renal bicarbonate threshold. This is thus in agreement with the findings in the nonacidotic infants (group I and IIa) of the present investigation except that the EER in these infants was somewhat lower (5-17.3 pEq/100 ml GFR) .
On the other hand, children with renal disorders resulting in a defective bicarbonate reabsorption [23] had clearly higher and scattered EER of acid and base varying between 60 and 350 pEq/100 ml GFR and occurring at bicarbonate concentrations in plasma above the renal bicarbonate threshold. Likewise, in the acidotic infants of the present study, the values for bicarbonate in plasma at EER were also somewhat higher than those at the renal bicarbonate threshold; EER ranged from 20.3-28.3 pEq/100 ml GFR. EER of acidotic infants was thus higher than in nonacidotic infants but lower than in older children with defective renal bicarbonate reabsorption.
The present investigation indicates the following. First, there is a somewhat lowered renal bicarbonate threshold level in infants with metabolic acidosis in the postneonatal period; second, a comparatively low EER of acid and base in nonacidotic infants in comparison with children indicates a less well developed renal handling of bicarbonate in the immediate postneonatal period. In infants with metabolic acidosis, the inadequate increase in EER further stresses the low capacity for compensation of a bicarbonate loss at this age.
Factors Influencing Renal Bicarbonate Handling
Several factors may influence the excretion and reabsorption of bicarbonate and thus the renal bicarbonate threshold, e.g., ( I ) activity of carbonic anhydrase [36] ; (2) alterations in renal metabolism and in kinetics of enzyme reactions [20] ; ( 3 ) disturbances in potassium balance [24] ; (4) morphologic glomerulotubular imbalance [5, 81 ; ( 5 ) changes in extracellular volume [16, 21, 26, 27, 371 .
By expansion of extracellular volume (ECV), proportional decrements of sodium and bicarbonate reabsorption in the proximal renal tubules are induced. Concomitantly, there is an enhanced back flux of Hf from tubular lumen into the body fluids.
Decreased threshold for bicarbonate in preterm babies is probably not caused by a limitation in capacity for reabsorption of bicarbonate, as it can be increased markedly under the stimulus of ECV contraction [4, 211. Furthermore, an expansion of ECV decreases the threshold with further loss of bicarbonate in the urine leading to acidosis.
Changes in ECV are easily elicited in infants during the postneonatal period; e.g., they can be brought about by feeding high protein and high solute formulas to preterm babies, which results in ECV expansion (edema) and a tendency to acidosis [6] . If this effect, however, is neutralized, e.g., by gradually increasing bicarbonate threshold secondary to kidney growth and to development of proximal nephron functions and/or by increasing hormonal (aldosteron) stimulation for tubular reabsorption of sodium [I 1, 161, a so-called late metabolic acidosis will gradually subside without any treatment C15, 331. However, additional loads of H+ will cause increasing acidosis with clinical symptoms (failure to thrive, etc.).
Renal Hydrogen Ion Excretion
In the present investigation the renal hydrogen ion excretion capacity has been studied by the short ammonium chloride loading test as originally described by Wrong et al. [38] . This has further been proven by Edelmann et al. [4] and Metcoff et al. [20] to provide an adequate physiologic assessment of renal acidifying mechanisms, although it does not assess ammonium adaptation during chronic acidosis.
For evaluation of the tubular hydrogen ion excretion capacity, it is important to know the renal bicarbonate threshold level. This is obtained at the moment when, in spite of increasing blood acidosis, the hydrogen ion excretion in the urine remains constant; i.e., when all urine buffers are saturated and the ammonia secretion is complete [5, 191 . However, it should be noted that in order to determine maximum renal H+ excretion capacity in cases with diminished bicarbonate threshold, e.g., infants with acidosis in the postneonatal period (group I I b of the present investigation), still lower levels of bicarbonate in plasma should be attained taking into account the individual level of the bicarbonate threshold.
Renal Mechanisms i n Deuelopment of Late Metabolic Acidosis
As a consequence of the results obtained in the present investigation, the following renal mechanisms are postulated as being involved in the development of metabolic acidosis in the postneonatal period.
Infants developing late metabolic acidosis are most often found among preterm infants on a high protein intake [33, 341 . As shown in this investigation, such infants (group IIb) exhibit a lower bicarbonate threshold than the nonacidotic term (group I) and the nonacidotic preterm (group IIa) infants, and, consequently, an increased level of bicarbonate excretion in urine. It is cautiously proposed that one or more of the five abovementioned factors, possibly an increased ECV and/or immature kinetics of renal metabolism, might be involved [20, 341 . Furthermore, the plasma bicarbonate concentration at EER of acid and base in urine was, in these babies (group IIb), in contrast to the nonacidotic babies, higher than at renal bicarbonate threshold. This could be interpreted as an expression of the effort made by the kidney to restore normal acid-base equilibrium, i.e., reflecting the renal capacity to compensate a bicarbonate loss in the urine. However, in these babies the renal tubular H+ excretion capacity is not sufficiently developed to compensate for the bicarbonate loss in urine, thereby limiting the renal acid-base homeostatic capacity and resulting in a metabolic acidosis. The inverse relation between the plasma bicarbonate level at EER of acid and base in urine and at renal bicarbonate threshold in the nonacidotic infants supports the abovementioned hypothesis about the renal involvement in so-called late metabolic acidosis.
It should be emphasized that several other factors might be involved in the etiology of metabolic acidosis in the postneonatal period, e.g., the load of endogenous H+ formed in the metabolism of protein [15, 331, exogenous H+ from certain acidified formulas [31, 341, intestinal loss of alkali [15] , or of pancreatic fluid potassium [24] . In order to evaluate the (limited) capacity of renal compensatory mechanisms in relation to other possible etiologic factors as mentioned above, it is, however, necessary to measure simultaneously the renal acidification capacity and the balance of net acid in such infants [15] .
Summary
Renal titration studies in 24 term and preterm infants with and without metabolic acidosis in the postneonatal period are presented.
Several factors are probably involved in producing metabolic acidosis in this period of life. The results of the present investigation concerning renal compensatory mechanisms show that certain preterm infants with metabolic acidosis at 1-3 weeks of age exhibit a limitation in their capacity to cope with an acid load because of ( 1 ) a lowered renal bicarbonate threshold level (below 19 mEq/liter) as compared with normal infants of the same age (above 21 mEq/liter), (2) a lowered capacity of these infants to compensate the consequent bicarbonate leak, and (3) an inadequate renal tubular hydrogen ion excretion with a decreased capacity to lower urine pH.
The titration studies were repeated at 4-6 weeks of age; all infants were then in normal blood acid base equilibrium. No difference was now found between term and preterm infants with respect to renal acid-base compensatory mechanisms, which indicates a rapid maturation of these functions within the first 6 weeks of life.
